Introduction
Vascular endothelial growth factor (VEGF) inhibitors such as intravitreal bevacizumab (IVB) and ranibizumab (RBZ), as well as triamcinolone acetonide (IVTA) are commonly employed in the management of center-involved macular edema (ME) secondary to branch retinal vein occlusion (BRVO) [1, 2] . However, the role of these agents in previously vitrectomized eyes presenting with ME from BRVO is not well established. IVB has previously been shown to be ineffective in eyes with diabetic ME after pars plana vitrectomy [3] . Experimental studies have shown that both lensectomy and vitrectomy procedures decrease the half-life of IVB in rabbit eyes [4] . Aflibercept (IAI) may exhibit a longer duration of the therapeutic effect primarily due to its stronger affinity for VEGF [5] . In the management of neovascular age-related macular degeneration, IAI administered every 2 months after the first 3 monthly loading doses was equivalent to monthly RBZ injections regarding visual outcomes, although a slight increase in central subfield thickness (CST) was noted 1 month after IAI injection [6] . Herein, we report our experience in the management of a patient with previous lensectomy and vitrectomy who presented with a recent onset of BRVO with center-involved ME.
Case Report
An 82-year-old male with a previous ocular history of pars plana vitrectomy, lensectomy, placement of an anterior chamber intraocular lens for retained cataract fragments in his left eye 6 years before, and medically controlled primary open-angle glaucoma presented with a 1-week history of decreased vision in his left eye secondary to center-involved ME from a superotemporal BRVO ( fig. 1a -c). His relevant medical history included hypertension and coronary artery disease. His Snellen visual acuity (VA) had decreased to 20/100 from a baseline of 20/25, and spectral domain OCT confirmed significant ME ( fig. 2a ). Several interventions with IVB 1.25 mg, RBZ 0.5, 1.0 and 2.0 mg, IVTA (Triesence ® ; Alcon, Fort Worth, Tex., USA) 1 mg and IAI 2 mg were performed. Macular volume, CST, cube average thickness (as measured by Zeiss Cirrus ® OCT machine; Carl Zeiss Meditec Inc., Dublin, Calif., USA), pinhole Snellen VA, and therapeutic interventions are summarized in table 1.
One week after IVB administration, CST was 488 μm with intraretinal cystic changes ( fig. 2b ) and deterioration at 2 weeks with loss of effect at 4 weeks. Following RBZ 1.0 mg, CST was 343 μm at 1 week after injection ( fig. 2c ). One month of therapeutic effect was not observed with either standard dose or even high dose (1 or 2 mg) RBZ. VA varied from 20/30 (1 week after RBZ 1 mg) to 20/200 (4 weeks after IVB).
A dry fovea was observed after a 1-mg injection of IVTA, and remained for approximately 7 weeks ( fig. 2d ), with a loss of therapeutic effect at 10 weeks. The patient has advanced primary open-angle glaucoma with a vertical cup to disk ratio of 0.8 with inferior notch and corresponding superior arcuate field defect. The intraocular pressure rose to 17 mm Hg from the baseline of 12 mm Hg at 2 weeks after IVTA injection and was managed medically. He was maintained with alternating injections of RBZ and IVB every 2-3 weeks for the next 5 months. The patient began receiving monthly injections of IAI in November 2013 (CST 677 μm, VA 20/100). After 8 monthly injections of IAI between November 2013 and June 2014, his VA improved to 20/40, and OCT showed a dry fovea 1 month after a previous IAI injection with CST 289 μm ( fig. 2e ). However, 5 weeks after IAI injection, the patient was noted to have increased foveal thickness of 543 μm associated with a decrease in VA to 20/80. Chronological VA and CST values during the first year of treatment are shown in fig.  3 .
Discussion
Intravitreal injections of anti-VEGF agents and IVTA are commonly administered agents in the treatment of a variety of retinal conditions, including neovascular age-related macular degeneration and ME secondary to retinal vein occlusion and diabetic retinopathy. However, very little information is known regarding the efficacy of these agents in previously vitrectomized eyes. It is possible that vitreous humor acts as a reservoir for intravitreally administered drugs, and its absence allows for rapid clearance of these pharmacological agents from the eye. Yanyali et al. [3] found no benefit from monthly IVB injections in previously vitrectomized eyes with diabetic ME. Since patients were not evaluated earlier than 1 month following intravitreal injections, it is not known whether the apparent lack of benefit was due to inefficacy of IVB or the reduced duration of the therapeutic effect resulting from increased clearance of the drug following vitrectomy.
Christoforidis et al. [4] determined the half-life of IVB and RBZ to be respectively 4.2 and 2.8 days in unoperated rabbit eyes, but that these values decreased to respectively 2.30 and 2.13 days following vitrectomy, and 2.08 and 1.79 days after lensectomy. In primate eyes, the half-life of IVB in the vitrectomized eyes decreased by 54% to a mean of 1.5 days from 2.8 in the nonvitrectomized group [7] .
In human eyes, Moisseiev et al. [8] determined that the half-life of IVB ranged from 2.5 to 7.3 (mean 4.9) days in unoperated eyes, but that this value decreased to 0.66 days after vitrectomy. As shown by Meyer et al. [9] , doubling the dose of IVB prolonged the effective duration of the therapeutic effect only by one half-life.
Although the macula was not completely dry, we observed a significant reduction in CST accompanied by an improvement in VA 1 week after RBZ. One week after IVB, VA improved to 20/40 from the baseline of 20/200, but CST was slightly worse at 488 μm compared to 462 μm (table 1) . The most likely explanation for this apparently paradoxical observation is the delay between OCT recurrence of fluid and deterioration in vision, a well-known phenomenon both in neovascular age-related macular degeneration and retinal vein occlusion [10, 11] . The therapeutic effect of both IVB and RZB was further diminished at 2 weeks and beyond. Moreover, we were unable to significantly prolong the duration of the therapeutic effect by doubling or quadrupling the dose of RBZ. Previous studies in neovascular macular degeneration have shown that more frequent dosing, rather than administration of a higher dose, might be a more effective strategy for patients poorly responsive to standard therapeutic regimen of anti-VEGF agents [12] .
We were able to observe a fluid-free macula for approximately 7 weeks after 1 mg IVTA (Triesence ® ; Alcon). As shown by the SCORE Study [2] , both 1 and 4 mg doses of IVTA (Trivaris ® , Allergan, Inc., Irvine, Calif., USA, not available commercially) were equally effective in the management of ME secondary to BRVO, but the 1 mg dose was significantly safer. Since patients received injections every 4 months in the SCORE Study, and our patient had complete regression of the therapeutic effect by week 10, it is apparent that effective duration of the therapeutic effect of IVTA is also significantly decreased in a vitrectomized eye. In rabbit eyes, Chin et al. [13] observed that intravitreal concentration of TA decreased 1.5 times faster in the vitrectomized eyes than in the nonvitrectomized group, and that the mean half-life of TA in vitreous was 2.89 days in the nonvitrectomized group and 1.57 days in the vitrectomized group. They calculated that the effect duration of IVTA was expected to be about 44 days for the vitrectomized group and about 66 days for the nonvitrectomized group. In a human vitrectomized eye, Beer et al. [14] calculated the half-life of IVTA to be 3.2 days compared to a range of 14.2-26.4 days (mean 18.6) in the nonvitrectomized group. We chose not to repeat IVTA due to the patient's advanced glaucoma and risk of elevation of Malhotra and Kishore: Management of Macular Edema Secondary to Branch Retinal Vein Occlusion in an Eye with Prior Vitrectomy and Lensectomy 338 intraocular pressure following IVTA injection. Intravitreal 0.7 mg dexamethasone implant (Ozurdex ® ; Allergan, Inc.) gradually releases dexamethasone over a period of several months. Since the rate of the release of active drug is not affected by prior vitrectomy, Ozurdex may provide a similar duration of the therapeutic effect in both vitrectomized and nonvitrectomized eyes. The CHAMPLAIN Study found Ozurdex to be effective for up to 26 weeks in the management of diabetic ME in vitrectomized eyes [15] . However, its use was contraindicated in our patient due to absence of posterior capsule, predisposing the eye for migration of implant into the anterior chamber that can lead to permanent corneal damage [16] .
In contrast to IVB and RZB, IAI was effective for approximately 1 month, with loss of the therapeutic effect at 5 weeks. IAI is a fusion protein consisting of portions of human VEGF receptors 1 and 2 fused to the Fc fragment of human IgG1. The molecular weight of IAI is 115 kDa compared to 48 kDa for RZB and 149 kDa for IVB. In rabbit eyes, Christoforidis et al. [17] calculated the half-life of IAI to be 4.58 days compared to 2.8 days for RZB and 4.2 days for IVB. Although no data on the pharmacokinetics of IAI in vitrectomized eyes is available, based on the molecular weight and half-life data of these agents in nonvitrectomized eyes, clearance of IAI from the vitreous cavity is expected to be intermediate between RZB and IVB. However, the binding affinity of IAI to VEGF is 140 times that of RZB, which in turn has a 5-20 times stronger binding affinity to VEGF compared to IVB. The anti-VEGF activity of IAI at 28 days following a 2.0-mg injection has been estimated to be 84 times that achieved with RZB 0.5 mg every 2 weeks [12] . Therefore, increased binding affinity of IAI to VEGF, rather than increased half-life, appears to be the explanation for longer duration of the therapeutic effect in our patient. These findings suggest that IAI might be superior to other anti-VEGF agents in the management of symptomatic ME caused by BRVO in vitrectomized eyes.
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